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[57] ABSTRACT

The invention relates to a process for preparing wet- or
dry-spun filaments and fibers of polymers which consist
to more than 509% by weight of acrylonitrile units and
which are continually treated with an aqueous solution
containing copper(l) ions during the fiber production
process but before a first heat treatment above 100° C. .
and the copper content in the fibrous material is fixed by
heating to above 60° C., preferably to above 100° C.
The filaments and fibers thus obtained can be dyed with
acid dyestuffs, have bactericidal properties, and can be
subjected to accelerated pre-oxidation.

8 Claims, No Drawings
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PROCESS FOR PREPARING ACRYLIC
FILAMENTS AND FIBERS

The invention relates to a process for preparing
acrylonitrile-containing fibers and filaments using a dry-
or wet-spinning method where fibers or filaments not
yet “cured” by drying or a heat treatment above 100° C.
are continually treated with an aqueous solution of
copper(l) ions.

It 1s known to treat acrylic fibers with copper(Il) salts
In order to obtain a bactericidal effect (cf. Japanese
Preliminary Published Application 54-147,220). It is
also known to incorporate copper(Il) salts by spinning,
with the same object, and as a catalyst for the oxidation
of such filaments in the production of carbon fibers
(Japanese  Preliminary  Published  Application
49-035,629). |

The treatment of acrylic fibers with copper(]) salts, to
render them dyeable with acid dyestuffs, was only used
in the early days of acrylic fiber processing, as the so-
called cuprous ion dyeing method. This work 1s de-
scribed in summary by, for example, Rath et al. in
“Melliand Textilberichte”, 38, (1957), pages 431 to 435
and 538 to 542. More recently Japanese Preliminary
Published Application 51-90,387 described aftertreating
of moldings with copper(I) salts to catalyze the pre-oxi-
dation when thermostabilizing these products.

The reaction of copper(I) salts with polymers which
contain acrylonitrile components gives a cuprous ion
complex with the nitrile groups of the polyacrylonitrile.

However, reacting copper(l) salts with polyacryloni-
trile after it has been shaped into structures is extremely
involved and, due to the instability of copper(l) salts in
aqueous solutions, in particular at elevated tempera-
tures, cannot be carried out to give reproducible results.
The treatment of polyacrylonitrile powders with solu-
tions of copper(l) salts leads to products which are
insoluble in the known solvents for polyacrylonitrile, or
gel-like unspinnable materials form. If, for example,
copper(l) salts are added to a prepared spinning dope,
the dope starts to gel and can no longer be spun in
faultfree fashion while the extrusion of spinning compo-
sitions containing copper(l) salts into injection-molded
articles may still not be prevented.

There was thus still the unsolved object of preparing
copper(l)-containing acrylonitrile polymers in a reli-
able, simple and continuous manner as part of the pro-
duction process, to obtain copper(l)-containing fila-
ments and fibers which, for example, are suitable for
dyeing with anionic dyestuffs. |

It has been found, surprisingly, that tows or bundles
of filaments which contain acrylonitrile components in
their fiber-forming substance absorb even at room tem-
perature relatively large amounts of copper(l) ions from
treatment baths provided these bundles or tows had not
yet been subjected to a heat treatment above 100° C. or
to a drying process. The absorption of copper(l) ions
takes place within seconds, and can therefore be inte-
grated without difficulties into the process for produc-
ing acrylonitrile-containing filaments and fibers. It is
quite immaterial whether the filaments were produced
using a dry- or a wet-spinning method. The absorption
of copper(I) ions takes place particularly readily in the
case of wet-spun filaments, but it is also possible to load
copper(l) 1ons onto dry-spun but still solvent-containing
filaments within the wash process or aftertreatment
prooess. According to the amount of copper(l) desired
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in the fiber the treatment can be carried out before,
during, or after the bundles or tows have been washed.
The copper(I) content in the filaments can of course
also be affected by the length of the treatment tlme and
the concentration in the bath Ilquld

The absorption of copper(l) ions from a bath or from
a spray section at room temperature is largely a revers-
ible step, i.e. it is possible to remove the copper content
by subsequent washes. For this reason it is necessary to
ensure that the copper content is fixed in the fiber. This
fixing can be effected by means of a heat treatment
above about 60° C., preferably above 85° C., or by
means of a drying step in which correspondingly high
temperatures are also exceeded. :

The temperature is not the only important parameter
in the fixing process, the other being the dwell time.
While fixing at, for example, 65° C. requires prolonged
dwell times, the same effect can be obtained at tempera-
tures above 100° C. in a minute or markedly less. If the
absorption of copper(I) ions takes place from a bath at a
temperature higher than about 60° C., the copper(l) ions
are stmultaneously fixed in the polymer molecule.

After such a heat treatment the copper(I) content can
no longer be washed out, presumably because under
these conditions the copper(l) ions have been incorpo-
rated in the form of complexes in the polyacrylonitrile.

In a conventional procedure, the tow or the bundies
are pulled through a bath containing copper(I) ions,
substantially squeezed to remove excess bath liquid, and
passed, for example, over hot godets having a surface
temperature of, for example, 100° C. Thereafter a fur-
ther wash can be provided to remove from the filaments
copper salts and the like adhering to the surface, and a
customary spin finish can be applied in a subsequent
bath before the filaments are finally dried.

However, it is also possible to treat the tows directly
before the first drying stage with a copper(l) ion solu-
tion and to fix the ions concurrently with the drying
stage. In this case the surface of the filaments does not
have complexed copper compounds which can be dis-
solved off through a first contact with water. Instead of
using heated godets or rolls it is also possible to carry
out the heat treatment to fix the copper content in a
steam atmosphere, for example at temperatures above
95° C., or with the use of infrared radiators or by pass-
ing the fiber through a contact heat section.

In all cases the treatment medium is an aqueous solu-
tion of copper(I) salts. Such a solution can be prepared
in various ways. The following possibilities are men-
tioned as examples:

‘An appropriate solution can be- obtained by dis-
solving copper(l) salts, for example CuCl, in water, but
because of the poor solubility of these salts it is advanta-
geous to prepare the solutions in 20 to 50% strength
sodium chioride solutions.

A copper(l) ion solution can also be generated di-
rectly, by reducing copper(Il) solutions electrolytically
or by heating copper(ll) salt solutions in the presence of
metallic copper, which is added in the form of a powder
or can be generated by electrolysis.

The solution can also be prepared by mixing a cop-
per(II) salt solution with a reducing agent. The copper
salt CuSO4 X5 H20 has proved particularly suitable in
this method for use as the customary copper(Il) salt.

Of the many possible reducing agents aldehyde sul-
foxylates, and of these in particular the sodium salt of
hydroxymethanesulfinic acid, have been found to be
particularly suitable, since highly stable high copper(I)
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ion concentrations can be obtained by means of this
system. The stability can be increased still further by
means of suitable complexing agents. The low tempera-
tures required of the aqueous solutions contribute signif-
icantly to the stability of the copper(l) solutions. In

contrast to the old cuprous ion method, which was
carried out at the boil, a temperature in the proximity of

room temperature is virtually sufficient in almost all
cases. Temperatures slightly above room temperature,
i.e. temperatures of, for example, 25°-30° C., may be
used, since in this method the temperature constancy of
the bath can be ensured by very simple technical means.
- Since the stability of copper(I) solutions is only guaran-
teed for brief times, even at room temperature, the fol-
lowing procedure has been found to be particularly
suitable:.

In this method, a copper(II) salt solution in water and

~ an aqueous solution which contains the reducing agent
are separately metered into the bath, in the vicinity of
the point where the tow enters, and are mixed in the
bath. In this way it is possible to ensure that the tow 1s
always treated with fresh copper(I) solution. The tow
and the bath liquid are in parallel flow, excess bath
liquid, which preferably is largely spent, is drawn off
the trough in the vicinity of the point where the tow
exits, and, for example, returned after having been re-
plenished.

The concentration of the copper(l) ions can vary
within wide limits, according to the fiber properties
desired. If the copper(I) solution is prepared by reduc-
ing copper(ll) compounds, the reducing agent must be
used in at least the stoichiometric amount. The reduc-
tion is preferably carried out with a slight excess, In
order to avoid the presence of copper(Il) salts. Unlike

- copper(I) compounds copper(II) ions cannot be com-

plexed by the polymer molecules, and they are thus
washed out in subsequent washes or dyeing processes
and pollute the effluent. A pronounced excess of reduc-
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ing agents does not in general yield further benefits. On 4q

- the contrary, there is the danger of the copper(l) com-
pound being reduced further, to give metailic copper,
which can then no longer be incorporated into the fila-
- ments or fibers. An apparent exception to this are the

aldehyde sulfoxylates, where at room temperature even 45

“a relatively large excess does not increase the degree of
copper deposition.

The process according to the invention can employ
the industrially customary methods for producing poly-
acrylonitrile fibers and filaments. As already mentioned
above, the wet-spinning method yields particular bene-
fits, since, in general, copper(I) ions diffuse more readily
into wet-spun filaments than into dry-spun filaments.

The copper(l) ion solution can be applied by various
known methods, thus, for example, by passing the tow
or bundles through a bath. However, it is also possible
to apply the solution using spray sections or the like. It
is advantageous to squeeze the tow or bundles very
thoroughly before and after the treatment with the
~ aqueous copper(l) ion solution. In this way it is ensured
that the degree of carry-over of copper ions into other
baths and the unnecessary dilution of the copper(l) 1on
treatment bath remain within tolerable limits. It is of
course advantageous fo take measures which ensure
- efficient and uniform penetration of a tow or bundle in

the treatment liquor. For example, tows should be
passed imto the treatment bath in a state sufficiently
- wide to ensure that depletion of copper ion concentra-
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tions or retarded penetration of the treatment bath into
the interior of the tow can ideally be neglected.

As already stated above, it is necessary to fix the
copper(l) ions in the filament or fiber material by means
of a thermal treatment. Only after the fiber has been

heated to temperatures above 60° C., preferably above
about 100° C., does the desired complex formation take

place within a brief time, and the copper compounds
can no longer be removed from the treated fiber mate-
rial by means of a wash. A wash subsequent to the heat
treatment of course washes off the quantity of copper
compounds which was present at the surface of the
filament material and could not be fixed.

The treatment with copper(I) compounds renders the
acrylic fibers thus treated more heat-sensitive than un-
treated filaments. The temperatures at which the heat
treatment or drying is carried out must be chosen in
such a way that a good white is retained.

The acrylonitrile-containing polymers used are un-
derstood as meaning those polymers of which more
than 50%, preferably more than 85%, consists of acry-
lonitrile units. Examples of suitable further components
are acrylic acid, methacrylic acid and their esters and
amides, vinyl acetate, vinyl chloride, vinylidene chlo-
ride, vinylidene cyanide and other unsaturated com-
pounds which can be copolymerized with acrylonitrile.
Filaments and fibers prepared according to the inven-
tion can be used for many different purposes.

Thus, for example, gently dried fibers, which still
have a good white, can be dyed with acid dyestuffs,
have bactericidal properties, and can even be subjected
to accelerated pre-oxidation for the production of car-
bon fiber.

.The good dyeability with anionic dyestuffs can also
be utilized to carry out the dyeing already at the fiber
production stage. Today acrylic fibers are customarily
dyed with cationic dyestuffs. This is true not only of
batchwise dyeing of fully prepared fiber but also of gel
dyeing where undried fiber is dyed in the gel state dur-
ing its production process. Although cationic dyestuffs
already have high light fastness properties on acrylic
fibers, there are many shades where the fastness proper-
ties of a dyeing with anionic dyestuffs, as, for example,
obtainable using the old cuprous ion process, cannot be
reached. This is the reason why end uses where high
demands are made on the light fastness, such as, for
example, fibers for awnings, make use of spin dyeing
with expensive pigments.

The process described above gives filaments and
fibers which can be dyed with anionic dyestuffs without
the problems of the old cuprous ion process, but cus-
tomary dyeing times and conditions must be adhered to.

It has now been found that it 1s possible to carry out
the dyeing process before the first drying stage or the
first heat treatment at elevated temperatures. In contrast
to normal dyeing processes, this method achieves even
deep dyeings at low temperatures and during dwell
times of a few seconds. The dyeing liquor used in this
process can be used concurrently with the copper(l) ion
solution or it can be applied in a separate bath after the
treatment with copper(l) salt solution.

If reducing agents are used to generate the copper(l)
ion solution care must of course be taken to ensure that
the reducing agents used do not destroy the added dye-
stuff. The separate treatment with a copper(I) salt solu-
tion and thereafter with a dye bath permits the dye bath
to be changed more rapidly than in the concurrent
treatment. On the other hand, it must be appreciated
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that the normal treatment of tows or bundles with a
copper(l) salt solution at room temperature does not
immediately bind the copper in complexed form, and
the copper can thus be dissolved out again in a subse-
quent dye bath. However, suitable temperature control
makes it possible in many cases to obtain a certain de-
gree of fixation of the copper in the fiber even without
irreversibly damaging the gel structure which is still
present in the filament. An intermediate heat treatment
at temperatures below 100° C. can thus lead to an ade-
quate degree of incorporation of copper in the com-
plexed state while the gel structure is still adequately
preserved, to ensure dyeing with anionic dyestuffs
within times so brief as to enable the continuous produc-
tion of dyed filaments or fibers.

The examples which follow illustrate the invention in
more detail. Unless otherwise indicated parts are parts
by weight and percentages are percentages by weight.

EXAMPLE 1

A 17% strength solution of an acrylonitrile polymer

in dimethylformamide was spun in a known way using
the wet-spinning method. The polymer used consisted
to 99.5% of acrylonitrile and to 0.5% of methyl acrylate
and had a relative viscosity, 1 rel., of 2.9. The viscosity
was measured on 0.5 percent strength by weight solu-
tions in dimethylformamide at 25° C. The temperature
of the dope was 90° C., and a 300-hole jet was used
which had a hole diameter of 80 um. The spin bath had
the following properties:

50% of dimethylformamide

30% of water

Temperature: 50° C.

The freshly spun filaments were taken out of the
coagulation bath at a speed of 4 m/min, subjected to a
wet stretch at 85° C. of 1:4.05 in a bath which consisted
to 60% of dimethylformamide and to 40% of water, and
then washed with water at 30° C. until solvent-free.
After the washing step the filament band was squeezed
to remove the majority of water and passed through a
trough which contained an aqueous solution of 100 g/1
CuSo4 X35 H>0 and 20 g/1 sodium salt of hydroxyme-
thanesulfinic acid (CH2S0O; Nax2 H;0) (trade name:
(R)Rongalit C) (dwell time 1.5 seconds). The solution
also contained the necessary spin finish. The solution
was replenished by continually metering in an aqueous
solution of 200 g/1 CuSO4X5 H>O and an aqueous
solution of 40 g/1 reducing agent. The two solutions
were mixed shortly before entry into the treatment
trough. The treatment bath had a temperature of 20° C.
The copper sulfate solution required for replenishing
the bath also contained the necessary spin finish. -

After the tow had passed through the trough, it was
squeezed again, then dried on two heated godets at 140°
C., then subjected to a stretch of 1:1.12 on two heated
godets at 160° C., then subjected to a further stretch of

1:1.54 on two further heated godets having a surface ¢,

temperature of 160° C., and then passed over a cold
take-up element, to be wound up. The filaments ob-
tained had a good white and high affinity for acid dye-
stuffs. The copper content of the fibers was 4.5% of Cu.
The following textile values were determined:

Filament titer: 2.9 dtex

Tensile strength: 25 cN/tex

Elongation at break: 10%.

6

EXAMPLE 2

Fiber was spun as in Example 1, except that the poly-
mer used consisted to 94.5% of acrylonitrile, to 5% of
methyi acrylate and to 0.5% of sodium methallylsulfon-
ate. The relative viscosity of the polymer was 1.92. The
dope used contained 26% of polymer in dimethylform-

- amide, and was spun at a temperature of 80° C. The
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coagulation, washing and wet stretch conditions were
equal to those in Example 1. The stretch ratio on the hot
rolls at 160" C. was chosen to be 1:1.25. The concentra-
tion of the copper treatment bath and the temperature
also corresponded to those of Example 1. The fibers
obtained had a good white and high affinity for acid
dyestuffs. The copper content of these fibers was 3.2%,
and they had the following textile values:

Filament titer: 2.9 dtex

Tensile strength: 20 cN/tex

Elongation at break: 10%.

 EXAMPLE 3

A spinning material as in Example 1 was spun
through a 300-hole jet. Each of the jet holes had a diam-
eter of 60 um. A mixture of 61% of dimethylformamide
and 39% of water, at 50° C., were used as the spin bath.
The freshly spun filaments were taken out of the coagu-
lation bath at a speed of 7 m/min, subjected to a wet
stretch at 99° C. of 1:2.85 in a bath which consisted to
62% of dimethylformamide and to 38% of water, and
then washed with water at 80° C. until solvent-free.
After the wash step the tow was squeezed to remove a
large proportion of the water, and passed through a
trough which contained an aqueous solution of 29 g/l
CuSO4 X35 H20 and 5.7 g/] of the sodium salt of hy-
droxymethanesulfinic acid (CH; SO; NaXx2 H;0)
(dwell time: 1.5 seconds). This bath also contained the
necessary spin finish constituents. The solution was
metered in as in Example 1. After it had passed through
the trough the tow was squeezed again, then dried on
two heated godets at 140° C., then subjected to a stretch
of 1:1.14 on two heated godets at 160° C., and then
drawn off the last heated godet on to a cold take-up
element with a further stretch of 1:1.9. The fibers ob-
tained had a copper content of 1.6% and good dyeabil-
ity with acid dyestuffs. The measured textile values
were

Filament titer: 2.9 dtex

Tensile strength: 24 cN/tex

Elongation at break: 10%.

EXAMPLE 4
The spin of Example 3 was repeated, except that the

- treatment solution consisted of an aqueous solution of

50 g/1 CuSO4X 5 H20 and 4 g/1 metallic copper pow-
der. In this case the treatment temperature was 85° C.
Care was taken during the spin to ensure that the metal-
lic copper content in the treatment bath was also kept at
a constant value. The fiber obtained had a copper con-
tent of 2.1% and good dyeability with acid dyestuffs.
The textile data of this fiber were

Filament titer: 2.9 dtex

Tensile strength: 23 ¢cN/tex

Elongation at break: 12%.

EXAMPLE 5

The spin of Example 1 was repeated, except that the
anionic dyestuff Acid Blue 41 (Color Index No. 62,130)
was added to the CuSOy4 solution. The dyestuff concen-
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tration was chosen in such a way that a concentration of
20 g of dyestuff/liter was maintained in the treatment
bath.

The dyed filaments obtained were deep blue. The
dyestuff which had gone on to the fiber could no longer
be removed by, for example, a wash at 60° C.

What is claimed is:

1."A process for preparing dry- or wet-spun filaments
~or fibers of improved dyeability from polymers- com-

prising more than 50% by weight acrylonitrile units,

comprising the steps of:

obtaining, from spinning, a filament bundle or tow,

continually treating the filament bundle or tow with
an aqueous solution containing copper (I) ions dur-
ing the fiber production process but before the first
drying stage a first heat treatment above 100° C. so
that a gel structure is preserved prior to the cop-

per(l) treatment;

- fixing the copper content in the thus-treated bundle
or tow concurrently or by means of a subsequent
heating to a temperature above about 60° C., pro-
vided that the concurrent or any subsequent heat-
ing is limited to temperatures at which whiteness of
the filaments or fibers is substantially retained and
the copper (I) ions remain in a dyeability-improv-

ing state.

2. The process as claimed in claim 1, wherein said

fixing step is carried at a temperature above about 100°

C.
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3. The process as claimed in claim 1, wheremn the
solution containing copper(l) ions is at room tempera-
ture and the copper content is fixed by means of an
immediately subsequent heat treatment.

4. The process as claimed in claim 1, wherein the
copper(l) ion concentration in the creatment solution is

0.1 to 50 g/1.
5. The process as claimed in claim 1, wherein the

filament bundles or tows are subjected to a continuous
treatment with a solution containing copper(I) 1ons,

substantial wiping and/or squeezing t0 remove €xcess
solution, and then to a heat treatment above 60° C.,

which is followed by further wash processes, finishing,
and the final drying stage.

6. The process as claimed in claim 1, wherein the
solution containing copper(l) ions is continually gener-
ated and replenished by mixing approximately stoichio-
metric amounts of a solution containing copper(Il) ions
with an aqueous solution containing a reducing agent.

7. The process as claimed in claim 4, wherein a solu-
tion of copper(Il) sulfate in water is used as the solution
containing copper(Il) ions and a solution of aldehyde
sulfoxylate, in water is used as the solution containing
reducing agent.

8. The process as claimed in claim 1, wherein before
a first treatment at temperatures above 100° C. or a first
drying stage the tows or bundles are not only continu-
ally ireated with an aqueous solution containing cop-
per(I) ions but also, concurrently or subsequently, with

a solution of an anionic dyestuff.
x X * * x
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